Introduction {#sec1_1}
============

Although several recent trials have achieved positive results with mechanical recanalization after acute ischemic stroke with large-vessel occlusion \[[@B1], [@B2], [@B3], [@B4], [@B5]\], intravenous thrombolysis (IVT) is still the most important acute treatment for the vast majority of ischemic stroke patients \[[@B6], [@B7], [@B8], [@B9]\]. The dosage of tissue plasminogen activator (tPA) depends on the patient\'s weight: the approved dosage is 0.9 mg/kg to a maximum dose of 90 mg. However, uncertainties remain whether the current dosage regimen is optimal.

Most reports of randomized controlled trials have not stated how patients\' weights were assessed or whether weights were only estimated; only the report of the European Cooperative Acute Stroke Study II (ECASS II) states that most weights were estimated \[[@B8]\]. More precise data were presented in the Safe Implementation of Thrombolysis in Stroke-International Stroke Thrombolysis (SITS-ISTR) Registry: 14.6% of patients\' weights were measured, whereas the remaining were estimated \[[@B10]\]. Clinical surveys have shown that health care professionals most commonly assess a patient\'s weight by asking the patient or the patient\'s caregiver or by roughly estimating the patient\'s weight \[[@B11]\]. Only a small minority of hospitals actually weigh the patient before thrombolysis is administered.

Findings about whether inaccurate assessment of weight affects clinical outcomes are mostly retrospective and sometimes contradictory. However, a growing body of evidence suggests that imprecise dosage may negatively influence outcome \[[@B12], [@B13], [@B14]\]. No prospective trials have determined the accuracy of weights reported by the patient or estimated by the treating medical staff in the acute setting.

When asked, clinicians argue that weighing the patient is either time consuming or impossible because of the patient\'s immobility and the need to transfer the patient in a seated or upright position. However, these limitations can now be overcome by ground-level scales that allow the patient and the emergency medical service stretcher to be placed directly on the scale, without patient transfer. In addition, certain computed tomography (CT) tables now contain an integrated scale.

After the implementation of a ground-level scale in our hospital and the integration of a scale into the CT table of our Mobile Stroke Unit \[[@B15]\], we prospectively compared the weights reported by the patients, those estimated by health care professionals, and those measured with a scale.

Methods {#sec1_2}
=======

Patients with suspected acute stroke or transient ischemic attack who were admitted to our hospital were included in this study. Written informed consent was obtained from all patients or their caregivers before the study. The study was performed in accordance with our clinical ethical guidelines and was approved by the ethics committee of the Chamber of Physicians of the Saarland.

Measuring Weight with the Ground-Level Scale {#sec2_1}
--------------------------------------------

In our hospital, patients are admitted to the CT suite, which contains a point-of-care laboratory so that treatment delays can be reduced \[[@B16]\]. A ground-level scale (Soehnle, Nassau, Germany; Fig. [1a](#F1){ref-type="fig"}) was installed in this suite so that paramedics can place the patient directly onto it upon entering the room. Thus, the patient is weighed together with the stretcher. The patient is then transferred to the CT table, and the weight of the stretcher is determined with the ground-level scale. The difference between the two results is the patient\'s weight. Treatment delays are avoided by measuring weight during the handover of the patient from the emergency physician to the treating neurologist.

Measuring Weight in the Mobile Stroke Unit {#sec2_2}
------------------------------------------

In the Mobile Stroke Unit, a scale (Soehnle; Fig. [1b](#F1){ref-type="fig"}) has been integrated into the CT table. Medical equipment such as monitors is removed from the stretcher during weighing. The stretcher\'s weight is automatically subtracted from the measured weight. The scale in the CT table of the Mobile Stroke Unit has been successfully used for more than 50 patients with no treatment delays.

Comparing Reported, Estimated, and Measured Weights {#sec2_3}
---------------------------------------------------

In the hospital\'s CT suite, an independent rater asked the patients to report their own weight. If the patient was aphasic or otherwise unable to answer, the patient\'s caregiver was asked to provide the weight. Next, the treating neurologist, who was unaware of either the reported or the measured weight, estimated the patient\'s weight. Deviations of reported and estimated weights from measured weights were analyzed statistically (Fig. [2](#F2){ref-type="fig"}).

Statistics {#sec2_4}
----------

Statistical analyses were performed with IBM SPSS Statistics for Windows, version 23.0.0.2 (IBM Corporation, Armonk, NY, USA; released 2015). The difference between the absolute values of deviations of reported and estimated weights from measured weights were analyzed with *t* tests for paired variables. Statistical significance was set at the level of *p* \< 0.05.

Results {#sec1_3}
=======

Patients {#sec2_5}
--------

This study assessed 100 consecutive patients with suspected acute stroke (53 women, 47 men; median age, 71.5 years). Patients\' characteristics are displayed in Table [1](#T1){ref-type="table"}. Ten of the patients had stroke mimics, and 2 had primary intracranial hemorrhage. IVT, mechanical recanalization, or both were necessary for 24 patients, including 3 who experienced secondary hemorrhagic transformation or bleeding into the infarct, one of these with symptomatic bleeding. The median National Institutes of Health Stroke Scale score (NIHSS) was 4 (range, 0--40) at the time of admission and 1 (range, 0--40) at the time of discharge. The median modified Rankin Scale score was 2 (range, 0--5) at the time of admission and 1 (range, 0--6) at the time of discharge.

Estimated and Actual Weights {#sec2_6}
----------------------------

Eight patients could not report their own weight because of aphasia (*n* = 7) or agitation (*n* = 1). The median measured weight of the patients was 76.0 kg (range, 44.0--133.4 kg). Weighing of all 100 patients was performed during the routine handover procedure with no delays.

Comparison between Estimated and Measured Weight {#sec2_7}
------------------------------------------------

The weights estimated by the physician diverged from actual weights by 10% or more for 27 patients and by 20% or more for 6 patients. In absolute values, 17 estimated weights deviated from measured weights by 10 kg or more; the extremes of estimated weights were 22 kg too light and 16.8 kg too heavy (Fig. [2a](#F2){ref-type="fig"}).

For the 92 patients for whom weights could be reported, 12 weights (13%) diverged by 10% or more from measured weights; there were no deviations of 20% or more. In absolute values, the weights of 3 patients (3.3%) deviated by 10 kg or more from measured weights; the extremes of estimated weights were 17.6 kg too light and 11 kg too heavy (Fig. [2b](#F2){ref-type="fig"}). Reported weights differed significantly less from measured weights (mean deviation, 4.1 ± 3.1 kg) than did estimated weights (5.7 ± 4.4 kg; *p* = 0.003; Fig. [2c, d](#F2){ref-type="fig"}).

Discussion {#sec1_4}
==========

This prospective study shows that weighing acute stroke patients in the stroke treatment room or in a mobile stroke unit is feasible without treatment delays and that deviations between estimated and real weights are substantial: estimations of weight by health care professionals diverged by 10% or more from actual weight for 27% of patients. These results are consistent with the findings of earlier studies suggesting that estimation is prone to severe errors. Breuer et al. \[[@B12]\] found variations of as much as 42% between estimated and actual weights; the deviation was more than 10% for every third patient. Similar results were reported by Lorenz et al. \[[@B17]\].

Because the dosage of tPA is based on the patient\'s weight, the risk of misdosing exists for a large number of patients. Our findings of frequent incorrect estimates led us to question whether weight assessment based on estimation or on nomograms alone is still justified. While the current dosage of tPA has been approved due to the results of the NINDS trial, there remain uncertainties regarding the ideal dosage and dosage corridor. Data from registries do not indicate a substantial risk \[[@B18]\]. One recent study, which assessed patients\' actual weights after IVT, compared a standard dose group with groups receiving overdosage or underdosage of IVT; the study found no evidence that misdosage had any effects on clinical outcome. However, these findings could be explained by the fact that this relatively small study (*n* = 272) may have been underpowered to address such a study question \[[@B19]\].

On the other hand, it is implausible to assume that misdosing of a highly effective and weight-adapted drug would have no effect on clinical results, because a dose-effect relationship can be expected. This suggestion is supported by a growing body of evidence indicating negative outcomes due to misdosing. Sahlas et al. \[[@B14]\] reported that overdosed patients exhibited impaired outcome and more episodes of intracranial bleeding, and Breuer et al. \[[@B12]\] found that precise dosages (0.8--1.0 mg/kg) are required for optimal recanalization. Similarly, Wahlgren et al. \[[@B13]\] reported that underdosage may be associated with impaired clinical outcome. Compared with nonobese patients, obese patients exhibit a lower rate of intracranial hemorrhage because of systematic underdosing of tPA (the ceiling dose is 90 mg). Such underdosing reduces both the beneficial and the adverse pharmacological effects of the drug \[[@B20]\].

A survey of 119 German stroke units found that 80.5% always or frequently estimate patients\' weights. Only 4.2% of these stroke units always weigh patients, and an additional 7.6% frequently weigh them. The most frequent answers to the question of why patients are not weighed were the following: "No opportunity to weigh patients in supine position;" "time delay;" "scale is unpractical;" "scale is too far away;" and "no scale is available." \[[@B11]\] Similar results were found in the SITS-ISTR Registry, which reported that only 14.6% of patients were weighed; weights were estimated for 84.6% of patients \[[@B10]\].

Nomograms based on anthropometric data, such as height, waist circumference, and hip size, have been proposed for overcoming the problems of imprecise weight estimates, but such calculating devices are time-consuming. Furthermore, even with this approach, deviations of more than 10% have been reported \[[@B20]\]. Moreover, these surveys indicate that nomograms are almost never used in actual patient care, at least in the countries in which the survey was performed. The recently published ENCHANTED trial, involving predominantly Asian patients, compared low dose (0.6 mg/kg) versus standard dose of tPA and did not show the noninferiority of the lower dose with respect to death and disability at 90 days, but there were significantly fewer symptomatic intracranial hemorrhages \[[@B21]\].

Another finding of these surveys was that many hospitals do not have scales suitable for weighing acute stroke patients. This fact could be due to the potentially high costs of such scales. The commercially available ground-level scale for hospital use and the scale integrated in the CT table cost EUR/USD 3,000 each. However, overdosing of tPA is also costly; over time, avoiding these costs could conceivably offset the cost of a scale. Additionally, avoiding overdosing would allow safer and more effective treatment of acute stroke patients. As our study shows, using the ground-level scale or a scale integrated into the CT table does not increase delays in acute stroke management; therefore, there is no reason to omit actual weighing of the thrombolysis candidate.

This study has some limitations. Although we were able to demonstrate substantial aberrations between estimated and measured weights, we could not determine whether these aberrations would lead to impaired clinical outcome. Without blinded randomization between estimated weights and measured weights it is not possible to know whether differences between them have an effect on outcome. On the other hand, for ethical reasons, it is very unlikely that such a randomized trial could be performed once a scale has already been installed.

In conclusion, in this prospective study on weight assessment in acute stroke patients, weighing patients with acute stroke on a ground-level scale or a scale integrated into the CT table is feasible and avoids the treatment delays associated with additional transfer of the patients. Estimates of patients\' weight by health care professionals and reports of weight by the patients themselves diverge substantially from patients\' measured weights. Measuring patients\' weight with a scale would avoid these deviations and would improve the accuracy of tPA dosing.
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![**a** Ground-level scale and display (arrows) in the computed tomography (CT) suite of the hospital, allowing weighing of the patient during the handover procedure without additional transfer. **b** A scale integrated into the CT table of the Mobile Stroke Unit for automatic weighing of the patient. Arrow shows the display of the scale.](cee-0007-0103-g01){#F1}

![Modified Bland-Altman plot showing deviation of weight estimated by health care professionals from measured weight (**a**) and deviation of weight reported by the patients from measured weight (**b**). The solid lines indicate means and standard deviations; the dashed lines, the 1.96-fold standard deviations. Plot shows weight estimated by the health care professionals (**c**) and weight reported by the patients against measured weight (**d**). The solid lines display simple linear regression; the dashed lines, the equality of estimated and measured weights.](cee-0007-0103-g02){#F2}

###### 

Patients\' characteristics (*n* = 100)

  ----------------------------------------- --------------------
  Age, years                                71.5 (20--92)
  Men                                       47
  Women                                     53
  NIHSS score at admission                  4 (0--40)
  mRS score at admission                    2 (0--5)
  NIHSS score at discharge                  1 (0--40)
  mRS score at discharge                    1 (0--6)
  Patients unable to report weight          8
  Average measured weight, kg               76.0 (44.0--133.4)
  Stroke mimics                             10
  IVT, mechanical recanalization, or both   24
  Primary ICH                               2
  Secondary ICH                             3
  Death                                     1
  ----------------------------------------- --------------------

Continuous data shown as median (range), except if indicated otherwise. NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; IVT, intravenous thrombolysis; ICH, intracranial hemorrhage.

[^1]: All original data sheets exist in paper form and can be provided by the authors.
